This article examines the stability of Norwegian prospective preschool teachers' enjoyment of mathematics and their mathematics-related selfefficacy before, during, and after a teacher-education examination. In addition, the stability of the two constructs across countries was examined through a comparison with Germany. The data revealed partial stability (technically speaking, metric invariance) of enjoyment but not of self-efficacy. Self-efficacy increased significantly before and after the examination without decreasing enjoyment, which may be a result of increased learning time. Prior mathematical knowledge predicted the level and development of enjoyment and self-efficacy in both countries. Many Norwegian students reported low mathematicsrelated enjoyment and self-efficacy, including negative developments. It may be important to provide positive experiences of mathematical activities during preschool teacher education.
Before, During, and After Examination: Development of Prospective Preschool Teachers' Mathematics-Related Enjoyment and Self-Efficacy Introduction Fostering early mathematical literacy has come to attention in Norway in the most recent national framework for preschool education set by the government (Mosvold & Saebbe, 2015) because research has revealed that early mathematical literacy is decisive for later school achievement in mathematics (Duncan et al., 2007; Krajewski & Schneider, 2009) . In many countries, preschool teachers are therefore nowadays expected to ensure that children experience numbers, shapes, and patterns. However, the state of research suggests that attitudinal antecedents of such activities may be lacking. Preschool teachers seem to have difficulty recognizing the value of mathematics and believe more strongly in their responsibility to foster the socio-emotional development of children (Kowalski, Pretti-Frontczak, & Johnson, 2001; Lee & Ginsburg, 2007; Tietze, Roßbach, & Grenner, 2005; Varol, 2013) . Furthermore, they judge their own efficacy in implementing mathematics-related activities in preschool as rather low (Ginsburg, Lee, & Boyd, 2008) .
Such low domain-specific enjoyment and self-efficacy are unfortunate because studies reveal not only that these characteristics are related to the quantity and quality of preschool teachers' mathematics-related interaction with children but also that teachers with stronger domain-specific enjoyment and self-efficacy are more actively interested in creating corresponding learning opportunities for children (Guo, Piasta, Justice, & Kaderavek, 2010; Richardson, 1996; Singh, Granville, & Dika, 2002) . Such an active interest would be highly relevant in the Norwegian preschool system, which follows a more "social pedagogy" than a "pre-primary tradition" (OECD, 2006) .
Play represents the norm in Norway but teachers are nevertheless required to support children's enjoyment of mathematics (matematikkglede) and to combine play with learning (Alvestad & Samuelsson, 1999) . In contrast to the structured pre-primary model often implemented in the US, the challenge for Norwegian preschool teachers is thus to use daily activities for fostering early mathematics informally and through care (Nakken & Thiel, 2014) . Mosvold and Saebbe (2015) provide a description of what it means to "teach" mathematics in a Norwegian preschool and the challenges connected to that. Attitudes may play an even stronger role in such a context. Against this background, the purpose of the study is to examine prospective preschool teachers' mathematics-related enjoyment (M_JOY) and their mathematics-related self-efficacy (M_SELF) in Norway. Examining these attitudinal antecedents of behavior may increase our understanding of preschool teachers' interaction with children, in particular the absence or presence of mathematics-related activities. We are particularly interested in examining the stability or variability of prospective preschool teachers' M_JOY and M_SELF under different context conditions, namely, over time and across countries, including predictors of favorable patterns and developments. Such information gives us deeper insight into the nature of M_JOY and M_SELF and may point to ways in which to address prospective preschool teachers' training needs during teacher education.
In the following, as a first step, we will provide a short overview of the state of research on M_JOY and M_SELF, as well as on the stability or variability of these constructs, before we specify our research questions and hypotheses. In the next section, we describe the methodological approach used in this study, including study design, sample, measures, and data analysis. The results are presented and then discussed and conclusions are drawn in the final section.
Mathematics-related Enjoyment and Self-efficacy
Enjoyment and self-efficacy are antecedents for a related behavior-in this case, dealing with mathematics as a precondition for the implementation of mathematical activities in preschool (Bandura, 1977; Fishbein & Ajzen, 1975) . Mathematics-related self-efficacy can be defined as "an individual's confidence in her or his ability to successfully perform a particular math-related task or problem" (Hackett & Betz, 1989, p. 262) . Mathematics-related enjoyment describes motive, that is, why somebody would engage in mathematical activities for their own sake and not as means to gain other rewards (Deci & Ryan, 1985) .
Research suggests that domain-specific self-efficacy and enjoyment are closely related to corresponding knowledge (Hackett & Betz, 1989; McMullan, Jones, & Lea, 2012) . Higher knowledge increases an individual's confidence in his or her ability to do something and makes the task at hand more enjoyable. Thus, it should be possible to explain preschool teachers' levels of M_JOY and M_SELF through their level of mathematical content knowledge (MCK). Several studies have confirmed, in fact, medium or strong correlations in these respects for a broad range of groups, including preschool teachers (Bates, Latham, & Kim, 2011; Tsamir, Tirosh, Levenson, Tabach, & Barkai, 2015) . More studies have investigated M_SELF than M_JOY.
Larger studies specifically about Norwegian preschool teachers' MCK level or mathematicsrelated attitudes are lacking (Alvestad, Johansson, Moser, & Søbstad, 2009; Sommersel, Vestergaard, & Larsen, 2013) . However, it might not be far-fetched to assume that both characteristics are not optimally developed given what else we know about the Norwegian preschool context. Norwegian preschool curricula have traditionally been-even in a Nordic context, for example in comparison with Sweden (Alvestad & Samuelsson, 1999) -quite reluctant to require the fostering of cognitive development by preschool teachers in general and even more to fostering the development of early mathematical literacy. The latter has only recently come to attention and the curricula have since been updated (Mosvold & Saebbe, 2015) . Still, opportunities to learn mathematics during preschool teacher education are scarce, and Norwegian preschool teachers struggle with the implementation of mathematical activities in preschool (Mosvold, 2012; Mosvold, Bjuland, Fauskanger, & Jakobsen, 2011) . We are not aware of studies that have examined the attitudinal antecedents of such activities in Norway.
Stability and Variability of Self-efficacy and Enjoyment
Cognitive characteristics such as knowledge and personality traits such as the so called "Big Five" are typically regarded as relatively stable over short periods of time and across various situations (Liebert & Liebert, 1998; McCrae & Costa, 1996) . In contrast, behavior and affects are typically hypothesized to be less stable and to vary more strongly depending on the situation (Anastasi, 1983) . Results regarding research into attitudes such as enjoyment or about self-efficacy are less clear. Whereas these characteristics often are assumed to be stable and can be changed only through strong cognitive dissonance, other researchers assume variability. In an extreme version (Wilson & Hodges, 1992) , it is hypothesized that attitudes are always constructed in a situation, meaning that an underlying stable trait does not exist at all.
Technically speaking, stability of characteristics over different time points or across countries means that they have to have the same measurement characteristics each time and in each country. Only then can comparisons of their means or their relationships to other constructs make sense across the different contexts (Van de Vijver & Leung, 1997) . The same dimensionality, factor loadings, and intercepts of a construct at different time points or in different countries would indicate stability (also called "measurement invariance"; see Horn & McArdle, 1992; Meredith, 1993) . Very few studies have examined the stability or variability of (prospective) preschool teachers' characteristics in these respects. A study in Germany revealed that prospective preschool teachers' mathematics anxiety was stable over the course of three weeks if the context conditions were not varied (Jenßen, Dunekacke, Eid, & Blömeke, 2015) . How this would look like when the contexts differ is unknown.
With respect to the M_JOY and M_SELF of (prospective) preschool teachers, we are not aware of any research into their stability or variability. Research on self-reported measures in general (Laschke & Blömeke, 2016; Rutkowski & Svetina, 2014 ) suggests that it is often possible to confirm the same dimensionality ("configural invariance") even if contexts are different. This means, in our case, that the same items would have to be associated with M_JOY and M_SELF at each time point or in each country, and such a result would mean that the internal structure of the constructs is the same. Similarly, it is typically possible to confirm that the factor loadings of items used to assess a construct are invariant across different time points or countries ("metric invariance"). This means that the unit of measurement is identical, and it is possible to compare relationships to other constructs across different contexts.
In contrast, the general state of research on self-reported measures suggests that it is typically not possible to confirm scalar invariance across different contexts because the item intercepts are not invariant as a result of respondents' different frames of reference and response biases or differences in understanding (Van de Vijver & Tanzer, 2004) . One should be careful with comparisons of means in this case.
We varied the context conditions of time points by including two extreme situations: a regular learning situation during a preschool teacher education class on teaching mathematics with nothing at stake and a high-stakes situation one week later when the same students had to take their final examinations. It is known from other studies that the stressful experience of such a situation may reveal variability in personal characteristics-at least with respect to emotions (Spielberger & Reheiser, 2009 ). To what extent this also applies to M_JOY and M_SELF is an open question. For heuristic reasons, we added a third situation approximately 3-5 weeks after the examination when a small subsample of these students had received their grades.
The country context is varied by including Germany as well as Norway. Germany belongs to the same social pedagogy preschool tradition as Norway but trains preschool teachers mostly at vocational schools following middle school (i.e., at the secondary or post-secondary school level; Statistisches Bundesamt, 2014) , whereas preschool teacher education in Norway takes place at pedagogical colleges that are part of the higher education sector.
Research Questions and Hypotheses
(1) The first research question addresses whether Norwegian prospective preschool teachers' M_JOY and M_SELF are stable across different time points; in particular, when they are about to take an examination compared to one week before and three to five weeks after this point in time. In line with the general state of research on measurement invariance, we hypothesize that configural longitudinal invariance in terms of dimensionality and metric longitudinal invariance in terms of equal factor loadings exist but not scalar invariance in terms of equal intercepts (H1). (2) The second research question addresses whether prospective preschool teachers' M_JOY and M_SELF are stable across Norway and Germany. We hypothesize, again, that configural and metric invariance exist but not scalar invariance (H2). (3) The third question addresses whether prior content knowledge in mathematics is able to predict prospective preschool teachers' M_JOY and M_SELF in Norway and Germany, as well as the development of these characteristics at different time points in Norway. We hypothesize that higher MCK is related to higher M_JOY and M_SELF in Norway and Germany (H3a) and that it is related to positive, or at least stable, non-decreasing developments of the two characteristics before and after the examination (H3b). (4) A final research question is exploratory in nature. Do all Norwegian prospective preschool teachers develop in the same way at different time points or do subgroups with different developmental processes exist? Such details would provide information about whether it is necessary to adapt teacher education to different needs.
Methodology

Samples
Participants in the longitudinal study were 225 full-and part-time student teachers from one preschool teacher education program in Norway. They were, on average, 27 years old (min = 20, max = 54 years), and 85% were female. Independent of their status as full-or part-time students, all had undergone teacher education equivalent to approximately two years of full-time study. Participants had, on average, a mathematics grade of 3.4 in their final year of schooling (min = 1.0 as the worst grade; max = 6.0 as the best grade). Approximately three-quarters had entered preschool teacher education after three years of high school, which is equivalent to general study competence. At the first time point of the survey, one week before the semester's final examination, 197 students participated; 135 participants took part at the second time point, on the examination day itself. They filled in the survey right after they had taken their examination. Only 26 could be reached at the third time point about 3-5 weeks after the examination, during the summer break when students had received their grades. This survey was given online to the students whereas the first two time points used paper-and-pencil versions.
Despite the high drop-out rate, we can point out that a selection bias with respect to predicted prior knowledge in mathematics did not exist. We used the school grade in mathematics as a proxy, and its average was nearly identical for the groups surveyed at the three time points. Differences of 0.1 in students' grades were not significant. Nor did a significant gender difference exist between the three groups.
Participants in the cross-sectional study in Germany were 354 full-time prospective preschool teachers from five vocational schools located in several federal states. Participants were, on average, 23 years old (min = 17, max = 46), and 83% were female. About 42% of the sample were in the first year of teacher education, 33% in the second year, and 26% in the third and last year. Participants had, on average, a mathematics grade of 3.2 in their final year of schooling (min = 6.0 as the worst grade; max = 1.0 as the best grade-note that the scale is reversed compared to the Norwegian grading system!). A paper-and-pencil version of the survey was utilized.
Measures
In both countries, and at all time points, M_JOY was surveyed using five items (for the wording of these items, see Table 1 ), extending a set of items already applied in TEDS-M (Tatto et al., 2012) and in studies investigating preschool teacher education students in Germany (Blömeke, Dunekacke, & Jenßen, 2017) . They were translated into Norwegian for the purposes of the present study. Participants had to rate these items on the original six-point Likert scale ranging from "strongly disagree" to "strongly agree."
If one or two residual correlations were allowed between items that were more similar to each other than to other items as a result of wording, the scale fit well with the Norwegian data at the first two time points (first: X Table 1 reveals that the factor loadings were mostly of sufficient size-between 0.78 and 0.96-at the three time points in Norway, as well as at the one measurement point in Germany (between 0.74 and 0.92). However, in Norway the item "It is hard to enjoy mathematics" had a substantially lower loading at all three time points than the other four items.
M_SELF was surveyed with four items based on a well-established scale assessing teacher self-efficacy in general (Schwarzer & Jerusalem, 1995) but adjusted for the target population of the present study and translated into Norwegian. Participants had to rate the four items on the original fourpoint Likert scale ranging from "strongly disagree" to "strongly agree."
The scale fit well with the data at all three time points in Norway (first: X 2 (2) = 0.7, p = .69; CFI = 1.00, TLI = 1.02; RMSEA = .00, 90% CI [.00, .11], p = .80; SRMR = .01; second: X 2 (2) = 1.1, p = .56; CFI = 1.00, TLI = 1.01; RMSEA = .00, 90% CI [.00, .15], p = .66; SRMR = .01; third: X 2 (2) = 1.3, p = .53; CFI = 1.00, TLI = 1.02; RMSEA = .00, 90% CI [.00, .34], p = .56; SRMR = .01). The fit of the scale to the data was good in Germany, too (X 2 (2) = 2.6, p = .28; CFI = 1.00, TLI = 1.00; RMSEA = .03, 90% CI [.00, .13], p = .50; SRMR = .01). Table 2 documents the factor loadings in both countries. Throughout they were of sufficient size. Only the factor loading of the item "Although it is exhausting, I am able to push myself and to accomplish high achievements in mathematics" was slightly lower at the second time point in both Norway and Germany. The final school grade in mathematics was used as a proxy for prospective preschool teachers' knowledge in mathematics, which they had brought with them into preschool teacher education. It was used as a within-country predictor of mathematics-related self-efficacy and enjoyment. Note that the means of the grades should not be compared across Germany and Norway due to differences in the respective national mathematics curricula.
Data Analysis
First, the fit of the scales to the data was examined for each time point and country using confirmatory factor analysis (CFA). Absolute and incremental fit indices were used to evaluate fit. The chi-square test indicates whether the covariance matrix implied by the scale model is equal to the population covariance matrix. The root square mean error of approximation (RSMEA) and the standardized root mean square residual (SRMR) estimate whether a model reproduces well the observed covariance or correlation matrix (estimates of < .08 point to a good fit and < .05 to a very good fit; Hu & Bentler, 1999) . The Comparative Fit Index (CFI) and the Tucker Lewis Index (TLI) assess to what extent a model reproduces the observed covariance matrix better than a baseline model that is assuming that all observed variables are uncorrelated (estimates of > .90 point to an acceptable fit and > .95 to a good fit).
Whether M_JOY and M_SELF were the same in Norway one week before, on the examination day, and 3-5 weeks after the examination, as well as the same between Norway and Germany, was tested via examination of measurement invariance. A bottom-up approach was applied by examining configural invariance first, which means that the same items had to be associated with M_JOY and M_SELF at each time point or in each country. Second, metric invariance was tested for, which means that the factor loadings of the items used to assess the two constructs were restricted to be the same across time points and countries. The third step was a test for scalar invariance, which means that the item intercepts were restricted to be the same (Rutkowski & Svetina, 2014) . The fit of the different models was then compared.
The development of preschool teachers' attitudes in Norway from before to after their examinations was estimated by applying linear latent growth modeling. The measures of M_JOY and M_SELF at the three time points served as indicators of the respective growth factors. Random effects were specified to capture individual differences in development.
Finally, we applied latent class growth analysis (LCGA) to find out whether groups of prospective preschool teachers with different latent trajectories existed in Norway and whether the last mathematics grade was able to predict class membership (McLachlan & Peel, 2000) . To make the models not overly complicated, no variation within these groups was allowed (Kreuter & Muthén, 2008) . Part of the LCGA was a decision about the number of classes necessary to describe the development of prospective preschool teachers across time points. This was done by comparing models with one, two, three, or four classes, respectively. We evaluated their classification quality based on an aggregated uncertainty measure called "entropy" (Ramaswamy, DeSarbo, Reibstein, & Robinson, 1993), whereby estimates close to one indicate well-separated classes and estimates close to zero indicate illfitting models. In addition, the estimate of the mean probability for prospective preschool teachers' most likely latent class membership was taken into account. Finally, we evaluated relative fit criteria (Nylund, Asparouhov, & Muthén, 2007) , whereby lower absolute values indicate a better-fitting model. All analyses were carried out using Mplus 7.3 (Muthén & Muthén, 2014) . A robust maximumlikelihood estimator (Sass, Schmitt, & Marsh, 2014 ) and a sandwich-type covariance matrix were applied to achieve precise estimations of standard errors (Satorra & Bentler, 2001 ) and chi-square statistics robust to non-normality of the data (Yuan & Bentler, 2000) . Full Information Maximum Likelihood (FIML) estimation, integrating missing data analyses and parameter estimation under the missing at random assumption, was used to handle partially missing data (Little & Rubin, 2014) .
Results
Stability of M_JOY and M_SELF across Time Points (H1)
The test on longitudinal measurement invariance revealed in the case of M_JOY that the metric model did not fit significantly less well to the Norwegian data than the configural model (see Table 3 ). As hypothesized, this indicated stability in the sense that the different items were associated with M_JOY in a similar way no matter whether prospective preschool teachers were working on the survey one week before their examination, on the examination day itself, or had received their grades 3-5 weeks later. In contrast, the fit decreased significantly when the intercepts were fixed to be the same across the three time points. This result indicated variability of the initial level of JOY. An item-by-item inspection revealed that the difference in intercepts was largest in the case of the items "Mathematics leads to enjoyable experiences" and "Mathematics is enjoyable" at the third time point, where the intercepts were significantly higher than at the other two time points.
Variability was larger with respect to M_SELF because there was already a significant difference between the configural and metric models, indicating that the items were associated with M_SELF in different ways at the different time points. The variability in factor loadings was related to the item "I know different ways to solve difficult mathematical problems." The loading was significantly higher at the third time point.
Stability of M_JOY and M_SELF across Countries (H2)
The test on measurement invariance across countries revealed stability as hypothesized, in the sense that configural and metric but not scalar invariance existed in the case of M_JOY (see Table 4 ). All intercepts were significantly higher in Norway than in Germany. In the case of M_SELF, metric invariance was not supported by the data. It was the item "Although it is exhausting, I am able to push myself and to accomplish high achievements in mathematics" that revealed the biggest difference. It was much stronger related to M_SELF in Norway than in Germany. 
Prior Mathematical Knowledge as a Predictor of Attitudes in Norway and Germany (H3)
M_JOY was relatively high among prospective preschool teachers at the initial time point (intercept [I] = 4.27; standard error [SE] = .07 on a scale from 1-6). It remained stable over the course of the following five weeks (slope [S] = .01; SE = .04). M_SELF started relatively low (I = 1.82; SE = .04 on a scale from 1-4) but grew significantly over time (S = .09*; SE = .04). An inspection of the piecewise developments between time points 1 and 2 as well as between 2 and 3 revealed no significant differences between these periods in the case of M_JOY. In the case of M_SELF, growth between the second and third time points was higher than between the first and second time points (S 1 = .07 †, SE = .04; S 2 = .24*, SE = .13).
Prior knowledge in mathematics was as hypothesized, not only a significant predictor of the initial level of prospective preschool teachers' M_JOY and M_SELF in Norway but also of their developmental trajectories. The better was the mathematics school grade, the more Norwegian student teachers enjoyed mathematics at the beginning of the measurements (I M_Joy on MCK = .33*, SE = .10) and the higher was their M_SELF (I M_Self on MCK = .20*, SE = .03). Furthermore, the better was the school grade in mathematics, the more positively student teachers' M_JOY tended to develop over time (S M_Joy on MCK = .07 † , SE = .04) and the more positively M_SELF developed (S M_Self on MCK = .11*, SE = .03).
In Germany, the relationship of initial M_JOY and M_SELF to the grade in school mathematics was even stronger: b = −.49 (.05)* in the case of M_JOY and b = −.40 (.03)* in the case of M_SELF (note that the grade scale in Germany is in reverse to that applied in Norway).
Differential Trajectories of Preschool Teachers in Norway?
Based on the information criterion from the LCGA (see Table 5 ), a distinction between two trajectories should be made because the fit improved in this case whereas improvement in fit was marginal in cases with three or four classes. This pattern applied both to M_JOY and M_SELF. Entropy parameters and classification probabilities were sufficient in two-and three-class models. Substantive considerations favored the three-class over the two-class solution, both with respect to M_JOY and M_SELF, because three clearly distinct trajectories could be identified then. The Table 4 . Results of the tests on cross-country measurement invariance.
Mathematics-related enjoyment
Mathematics-related selfefficacy Note: df = degrees of freedom. four-class solution did not add new information in terms of differential trajectories but distinguished only between two groups with slightly higher and lower estimates. We decided therefore to apply the three-class solution.
In the case of M_JOY, by far the largest of the three groups identified included 185 prospective preschool teachers who slightly disfavored mathematics, and this reluctant attitude remained stable over time. In the case of M_SELF, the largest of the three groups identified included 166 prospective preschool teachers who had the lowest self-efficacy at the beginning and this did not change throughout the three time points (I = 1.08 [.13]*, S = −0.04 [.11]). In addition, a relatively large group of 45 preschool teachers existed who reported significantly higher M_SELF at the beginning. However, its level was still below the neutral midpoint of the scale, and it decreased significantly over the course of three time points with the examination in between (I = 2. A combined LCGA that included both constructs at the same time revealed that their initial levels were correlated (I M_Joy *I M_Self = .33*, SE = .16; standardized estimates). Good entropy (.71), classification probabilities (.86/.77/.84/.91) and substantive considerations led in this case to a solution with two classes for each construct (see Table 6 ), although models with more classes had sufficient entropy and classification probability, too. However, the larger number of class patterns was almost impossible to interpret and tended to split the sample up into very small groups with only two to five members.
We find two groups each with initial M_JOY slightly below (classes 1 and 3) or slightly above the neutral midpoint of the scale (classes 2 and 4). Each of the two groups is then split into one group with low (classes 1 and 2) and one group with slightly higher (classes 3 and 4) M_SELF. The two groups with higher M_JOY have in each case higher M_SELF estimates than the two groups with lower M_JOY, and M_SELF in each case remains stable. M_JOY either remains stable (class 2; marked green in Figure 1 ) or decreases over time in the case of the highest starting level (class 4; marked blue). These two groups, together, comprise 30% of the sample.
In contrast, M_SELF decreases significantly over time in both classes with lower M_JOY, although M_SELF is already at a low level from the beginning. In addition, M_JOY tends to decrease even further in case of the class with the lowest M_JOY level at the beginning (class 1; marked red) whereas it remains stable in the case of the class with a low but slightly higher level of M_JOY (class 3; marked orange). Class 1 includes half of the sample, and class 2 includes about 20%, so that, overall, they comprise 70% of the Norwegian prospective preschool teachers. 
Discussion
From a longitudinal perspective across very different situations (with and without an examination), it was possible to confirm stability in terms of configural and metric invariance with respect to M_JOY over three time points but not with respect to M_SELF. This means that, in the latter case, variability existed and the measurement requirement for comparing relations across time points was not met. Results should therefore be used with caution.
The same pattern applied to the cross-country comparisons. It was possible to confirm configural and metric invariance with respect to M_JOY but not with respect to M_SELF. These results may reflect the unclear state of research with respect to the stability of attitudes, which were sometimes hypothesized to be fully determined by the situation (Wilson & Hodges, 1992) and at other times to be rather stable. Both extremes may not be appropriate, however, because our results suggest that it may not be possible to generalize research results across psychological constructs. A general state of research "on attitudes" would not exist then because results would depend on the specific construct examined. In our case, the study points to the larger stability of M_JOY across different contexts than M_SELF.
With respect to the sample of Norwegian prospective preschool teachers, M_SELF increased significantly before and in particular after the examination, which may be interpreted as a result of increased learning time invested in mathematics due to the examination and the actual experience of being able to solve mathematical problems. The literature suggests that learning time is generally positively related to achievement (e.g., Keeves, 1992) , which in turn is positively related to self-efficacy (Pajares, 1997) . This may also apply in this case.
The interesting phenomenon in this context is that the increase occurred without a decrease in M_JOY. One might have expected that practicing for the examination was a burden for the student teachers, which resulted in a loss of motivation. This is a popular and recurring theme in the media, but we did not find evidence for this-at least not as long as we examined the full sample of prospective preschool teachers.
Exploratory analyses revealed that different subgroups existed in the Norwegian sample of prospective preschool teachers, with a worryingly large proportion (about half of the sample) reporting low enjoyment and low self-efficacy, including the negative developments of such. An important result of our study may therefore be that initial M_JOY and M_SELF levels, as well as the differential trajectories, could be predicted by students' final school grades in mathematics. Assuming that these reflect prior knowledge, it may be concluded that these grades are able to protect against unfavorable attitudes towards mathematics. This conclusion is supported by data from another country, Figure 1 . Development of mathematics-related enjoyment and self-efficacy over time.
Germany, in terms of the strong relationship between school grades in mathematics to M_JOY and M_SELF.
Limitations
Before we turn to conclusions, several limitations of our study have to be pointed out that may have affected the results. First, the drop-out rate after the examination was high. Although bias with respect to prior knowledge or gender did not exist, only a small, selected group of preschool teaches took part in the third measurement. An item-by-item inspection of the M_JOY scale revealed that the intercepts of two items were significantly higher at the third time point than at the other two time points. Growth in M_SELF was also higher between the second and the third time-points compared to the period between the first two time points. These differences may indicate that the smaller sample was nevertheless positively biased and comprised particularly motivated students. Including the third time point can thus serve heuristic purposes only.
Second, we examined a selected set of prospective preschool teachers' characteristics only. Other characteristics, for example their enjoyment of and self-efficacy in respect to actually implementing mathematical activities-not mathematics as merely a subject-may affect teachers' behavior in preschool, too. Such reflections are important because Gregoire (2003) showed, in her systematic review of research on conceptual change, that different types of beliefs or attitudes may conflict with each other and, thus, block the implementation of related behavior. A typical case in our context could be that preschool teachers value certain types of implementation strategies and activities with children but hold negative attitudes toward mathematics. How teachers act in this case remains an open question. It is therefore important to identify such conflicts in further studies so that it may be possible to implement interventions to address them.
Conclusions
With respect to the examination, it transpired that, on average, negative effects were limited. However, some subgroups experienced negative developments before and after the examination. Given that we probably used a positively biased sample, the problem may be larger in reality than documented; it is thus worthwhile to examine such effects in more detail. One research question that could be posed, for example, is whether different placements or types of examination (earlier, later; several smaller examinations rather than a single large one) within the teacher education program matter.
With the sensitive population of preschool teachers in mind who generally seem to dislike mathematics, it may also be worthwhile to think carefully through the sequence of studies during teacher education, in particular where to place mathematical experiences. Fostering early mathematical literacy is nowadays an inherent part of a preschool teachers' work. However, as a result of the late evolvement of corresponding awareness, many open questions exist that require more research attention in the near future.
Our research intended to create a starting point for this. M_JOY and M_SELF are important antecedents for implementing mathematics-related activities in preschool and, thus, for fostering the development of children's early mathematical literacy. If this is what preschool teacher education and policy makers are interested in, and Norway is a country where this has recently come to attention (Mosvold & Saebbe, 2015) , ways to improve M_JOY and __SELF should be sought. Our results point to two potential conclusions. Since prior school grades predict higher levels of these constructs and more positive developments, selection of candidates for preschool teacher education according to this criterion is a possibility. However, given the low average grade in mathematics of current applicants, this could result in a serious lack of students.
Another means of improving the situation may therefore be more promising in the long run: investing time during preschool teacher education in providing prospective teachers themselves with enjoyable and successful experiences of mathematical activities. Examples include creating a mathematics laboratory or holding mathematics days during which both young children and prospective preschool teachers experience mathematics in a varied, creative, and joyful way. Student teachers could then reflect on these experiences during their classes in mathematics education (Thiel, 2015) .
Such an approach allows for increasing knowledge while engaging in discussions and reflections (Gregoire, 2003) and may have the potential to create positive attitudes or challenge existing negative attitudes. To our knowledge, only one teacher education program in Norway has systematically implemented such a strategy (http://dmmh.no/for-barnehagene/matematikkrommet), which is intended to facilitate the interaction of children and prospective preschool teachers through fostering children's early mathematical literacy (Nakken & Thiel, 2014) . One can reasonably assume that M_JOY and M_SELF can be strengthened in this way.
